The paper presents the results of research into the plant macrofossils found in the tectonic Kleszczów Graben, within Mesopleistocene sandy sediments. A number of samples were collected at eight locations from river sediments containing variously sized fragments of plants, mostly from greenish sands overlying Neogene sediments.
INTRODUCTION
Analyses of fossil floras which are essential for biostratigraphic schemes are based largely on palynological studies. However, as far as possible, analyses of plant macrofossils preserved in sediments are carried out simultaneously. These studies concern in particular fruits and seeds but also fragments of stems or roots, especially those with a secondary structure, with well-preserved secondary wood. Analyses of macrofossils are important because their presence may indicate that the material is of local origin (Pyszyński 1991 , Pyszyński & Krzyszkowski 2011 .
Interesting features of this type have been earnestly sought in sediments of warm periods of the Pleistocene. Good places for this are Europe's deepest outcrops in Bełchatów and Szczerców, which are located in the Kleszczów Graben, central Poland. The Kleszczów Graben is a longitudinal tensional structure formed along pre-existing (Variscan) fault zones as a result of compensation movements in the foreland of the Alpine folding zone (Krzyszkowski 1990 ). The structural setting of the graben is disturbed by the Dębina salt dome composed of Zechstein deposits (Krzyszkowski 1992) . The Bełchatów outcrop is located east of the dome, and the Szczerców outcrop occurs to the west (Fig. 1) .
The onset of mining operations in 2002, which included the removal of the overburden of mostly Quaternary deposits in the outcrop of the Szczerców field, and later lignite extraction from 2007, help Quaternary geologists making a preliminary correlation of genetically and temporally similar deposits with those from the geological section of the Bełchatów field. These correlations become more complete as more deposits containing organic remains are studied.
Studies of the pollen of fossil floras in Quaternary deposits of the Bełchatów outcrop have been the basis for their stratigraphic subdivision (Janczyk-Kopikowa 1982 , 1985 , 1987 , Krzyszkowski & Kuszell 1987 , Kuszell 1991a , Krzyszkowski 1991a , 1992b , 1992 , Balwierz et al. 2006 . In turn, plant macrofossils found in this outcrop in a number of non-glacial formations -Szerokie, Piaski, Chojny, Czyżów and Łękińsko (Tab. 1), studied and described by Pyszyński (1991) and Pyszyński & Krzyszkowski (2011) , have become an important supplementary element.
The new outcrop of Szczerców is located about 15 km to the SW of Bełchatów in the western part of the Kleszczów Graben (Fig. 1) . The Bełchatów outcrop is located in its eastern part. Studies of the Quaternary deposits are more advanced in the Bełchatów outcrop (Krzyszkowski 1992) , although preliminary investigations in the Szczerców outcrop substantiate the previously established stratigraphic scheme . Some differences that appear do not disturb this scheme, but are rather supplementary elements. The Szczerców outcrop has not yielded such well-documented palynologically deposits yet. Besides an expert report prepared for updating the Detailed Geological Map of Poland, 1: 50,000, Szczerców map sheet (Kuszell & Iwanuś 2012) , the only contribution is the paper by Wachecka- Kotkowska et al. (2016) , showing a multiproxy analysis of the Eemian (Aleksandrów Formation) and Vistulian (Wiechselian, Piaski Formation). During documentation work in the Szczerców outcrop, fragments of secondary wood were acquired from the sediments of younger formations. The macrofossils found in these sediments were analyzed and described by Wachecka-Kotkowska et al. (2016) .
The study was focused on plant macrofossils of different sizes and their degree of preservation, present within sandy deposits accumulated in a fluvial environment during a Mazovian Interglacial period understood by Krzyszkowski (1992 Krzyszkowski ( , 1996 as the Czyżów Complex (Tabs. 1, 2).
The Czyżów Complex is represented by sandy, muddy and organic deposits of fluvial and lacustrine origin, with well-developed erosional boundaries (Krzyszkowski 1991a (Krzyszkowski , 1991b (Krzyszkowski , 1992 . Deposits of this formation have a greenish tinge. The Czyżów Formation is subdivided into six sets of segments (A-F) (Tab. 2). Segment A was found at the top of the formation, underlain by a set of segments C. Segment B, and the sets of segments D, E and F occurred beneath the set of segments C, but their position relative to each other has not been established because they were found as isolated occurrences (Krzyszkowski 1992 (Krzyszkowski , 1996 . Palynological studies of the organic deposits show that two of the segments had features of interstadials and occurred in the upper part of the section, described as the Podlesie and Czyżów Interstadial (Tabs. 1, 2). The next two segments had features of interglacials (Mazovian and Ferdynandovian Interglacials); however, their mutual time relationship has not been fully explained (cf. Krzyszkowski 1992 , Allen & Krzyszkowski 2008 .
The main aim of the present research was to identify the plant genera of the macrofossils, differing in size and degree of preservation, found in fluvial deposits accumulated during the interglacial period understood by Krzyszkowski (1992 Krzyszkowski ( , 1996 as the Czyżów Complex. These deposits occur in the western part of the Kleszczów Graben, and are exposed in the Szczerców outcrop. Sedimentological analysis and lithogenetic interpretation of these deposits are also discussed. Krzyszkowski (1996) , Krzyszkowski & Allen (2008); modified and simplified; lithostratigraphy -glacial Krzyszkowski (1996) , Krzyszkowski & Allen (2008) , modified
MATERIALS AND METHODS
Fluvial deposits of the Czyżów Formation were examined in April 2012 ( Fig. 1 ). They were exposed at mining level II of the Szczerców outcrop (59°13΄47.9''N, 29°08΄27''E), on the eastern wall (Fig. 2) .
The fieldwork included lithological analysis of the deposits according to the method proposed by Tucker (1996) , as well as routine structural examinations (e.g. Krzyszkowski 1992 ). The lithofacies coding systems of Miall (1978) and Krzyszkowski (1996) were used to describe the lithofacies types. The layers and the location of macrofossils within them have been documented. A geological cross-section of the walls at mining levels I and II, a detailed sketch of exposed deposits, and a photographic documentation have been made. Soil samples (Nos. 232-239) containing macrofossils were collected at eight locations from variously grained sands (Fig. 2) . The most frequent and common material, although difficult to examine, was organic detritus that has not been taken into consideration in microscopic analysis because the material was highly disintegrated. First, soil samples were sifted in order to find all, even minor, macrofossils. Then, if needed, macrofossils (or their minor fragments) were left in the mixture of glycerol and ethanol 100% (1:3) for a few days to soften the hard tissue (Myśkow 2010 , Myśkow & Zagórska-Marek 2013 . To identify the plant genera, transverse, radial and tangential hand-made sections were cut using the razor blade. To examine anatomical (diagnostic) details of macrofossils, the sections were examined in a microscope Olympus BX50 and documented with use of an Olympus Camera DP71 cooperating with a Cell B Software (Olympus Optical Co., Poland). Greguss (1945 Greguss ( , 1955 and Schweingruber (1978 Schweingruber ( , 1990 keys as well as a Website: InsideWood 2004 were used for the identification of wood genera. The terminology was based on IAWA list of macroscopic features for hardwood and softwood identification (IAWA Committee 1989 , 2004 . The digital images were processed with Macromedia Fireworks MX2004.
RESULTS
The sandy and sand-muddy deposits which contain large fragments of plant macrofossils were observed in the lower part of a deformed tectonic unit (see Tab. 1). They were mainly covered by Neogene rocks (sands and greenish clays) in a palaeodepression. Both these series were separated by an erosional boundary. Locally, the Czyżów Formation sands overlay the Kuców Formation sands (Figs 2, 3) . In the upper part of the section they were erosionally cut, and the depression was filled with an ice-dammed lake clay-mud series, a glaciofluvial sand series of the Ławki Formation, and a mud series with peat and gyttja of the Aleksandrów Formation (Eemian). The whole of it is covered by fluvial sandy and sand-muddy deposits of the Piaski Formation (Vistulian). The Czyżów Formation deposits were found at a depth of 146-156 m a.s.l., i.e. 28-18 m b.g.l. They were observed over a distance of more than 600 m. The thickness of the exposed series was estimated at approximately 10 meters.
The Czyżów Formation was represented predominantly by brownish-grey-greenish mediumand coarse-grained sands (Fig. 4) . They were also accompanied by other sediments, as mud. Considering the lithology and its variability, it can be supposed that the sands represent a set of segments C (Ca-Cb-Cc) correlated with the Czyżów Interstadial (unfortunately, no palynological studies are available).
At the top of segment Ca there were medium-and coarse-grained sands with horizontal stratification (Sh), and local muds with low-angle cross stratification (Fl) (Fig. 3 ). They were underlain by trough cross-stratified coarse-and medium-grained sand (St) with telmatic mud, clayey to sandy, black to grey (Cm), and brown to light brown silts with dispersed allochthonous organic detritus (Ca), included in segment Cb (Fig. 3) . This segment contained plant macroremains, mainly secondary wood (eight samples for analyses were collected from these deposits). The series is terminated by deposits of segment Cc, sands and gravels, e.g. coarse-to medium-grained sand or pebble sand or coarse-to medium-grained sand with trough cross stratification (St) (Fig. 4) . They showed a certain repetitiveness of the sequence, as emphasized in Figure 3 .
Analyses of eight soil samples from the Szczerców outcrop revealed the presence of wood macrofossils in five of them (Nos. 232, 235, 236, 237 and 239). The wood remains (totally about 40 specimens) differed in sizes; from the very small, not exceeding 0.5 cm, to the relatively large, up to 15 cm in length. Regardless of the size, they were considerably compressed (Fig. 5A ) making the identification of wood genera difficult. In the analyzed materials, both gymnosperm (Fig. 5) and angiosperm ( Fig. 6A-I ) wood remains were identified. Additionally, fragments of very young dicotyledonous stems with the primary structure, as well as fragments of rhytidome, i.e. the outer bark of the tree (Fig. 6J) , were found.
Fig. 3. Sediments of the Czyżów Formation. For explanation of segment C (Ca, Cb, Cc) see Table 2. Symbols and description of lithofacies: St -trough cross-stratified sand, Sh -horizontally laminated sand, Fl -fine-grained sand, clay, horizontally laminated or ripple-cross laminated mud
The spatial distribution of identified macrofossils was related to sediment strata. In the lowest layer, located at a depth of 23. Myśkow E., Krzyszkowski D., Wachecka-Kotkowska L., Wieczorek D. 
Fig. 5. Fossil wood of Pinus shown on the hand-made sections: A), B) transverse sections: A -compressed wood, B -typical arrangement of tracheids; C), D) radial sections: C -fenestriform pits between parenchyma cells of the ray and axial tracheids (arrow), D -dentate cell walls (black arrow) and bordered pit (white arrow) of ray tracheids. Bar in micrometres

Fig. 6. Macrofossil remains shown on the hand-made sections; A)-C) Fraxinus fossil wood: A -ring-porous wood on transverse section, early-wood vessels denoted by arrow, B -2-3-seriate rays on tangential section, C -latewood vessels with thick secondary cell walls on transverse section; D)-G) Acer wood: D -diffuse-porous wood with thick rays (arrows) on transverse section, E -vessels in radial files (white arrow) and rays (black arrow) on transverse section, F -3-5-seriate rays on tangential section, G -distinct spiral thickening of vessels (arrows) on radial section; H), I) Populus wood: H -uniseriate rays visible on the tangential section (arrow) despite significant compression of tissue, I -large, simple pits between parenchyma cells and vessels on radial section; J) fragment of rhytidome. Bar in micrometres
As mentioned above, both gymnosperm and angiosperm wood fragments were identified in the analyzed profile. Only one genus of gymnosperms, i.e. Pinus was identified. Pinus is characterized by softwood (Fig. 5A, B) with thin-walled epithelial cells of longitudinal and transverse resin canals (Greguss 1955 , Schweingruber 1978 , IAWA Committee 2004 . However, due to significant compression, the wood structure was not well preserved in material examined (Fig. 5A) , and on the vast surface of the transverse and tangential sections was almost unidentifiable, including the presence or absence of the resin canals, with thin-walled epithelial cells. The typical wood structure was visible only on the small fragments of these sections (Fig. 5B ), but together with better preserved radial sections, the identification of the wood remnants was possible. The most significant diagnostic feature, characteristic only of pine wood, is the presence of large fenestriform pits (Greguss 1955 , Schweingruber 1978 , IAWA Committee 2004 . This type of pits was distinct on the radial sections, unquestionably identifying the wood remnants (Fig. 5C) . Therefore, all macrofossils having this type of pits were identified as Pinus wood. In addition, rays in Pinus are (Fig. 5D) . Additionally, in some species, ray tracheids can be characterized by the dentate cell walls (Fig. 5D ) That feature was distinct in all gymnosperm wood fragments in sample No. 239; less distinct dentate cell walls were visible in all macrofossils in sample No. 232. Apart from gymnosperms, the wood fragments of deciduous trees, represented by Fraxinus, Acer and Populus, were also identified in the studied material. The majority of angiosperm wood remains were characterized by the presence of the ring-porous wood (Fig. 6A) . Despite the plant material was compressed, especially in the region of latewood, the ring-porous structure of the wood was visible in some places. The thick-walled vessels were distinct and arranged in radial, mostly twocelled rows (Fig. 6B) . Additionally, the occurrence of bi-or triseriate rays (Fig. 6C ) specified these wood remains as the genus Fraxinus. The macrofossils were determined as Acer based on the following anatomical features: diffuse-porous wood with vessels arranged solitary or in radial rows of 2-4 ( Fig. 6D and E) ; rays 2-to 4-seriate (Fig. 6F) , vessels with simple perforation plates and distinct spiral thickenings (Fig. 6G) . The wood of Populus is diffuse-porous, with radial rows of 2-4 vessels with simple perforation plates and uniseriate (Fig.  6H ), homocellular rays (Fig. 6I ). Rays were identified as homocellular when the marginal cells of rays had large, simple pits between parenchyma cells and vessels, with 2-4 pits in height (Fig. 6I) .
DISCUSSION
The wood remains were found in deposits with some structural features (see legend in Fig. 3 ). The cyclic lithofacies succession St, (Sl)→Sh→Fl may indicate a record of initial forms of a point bar during normal, relatively low-energy flows, alternately with deposition under the plane-bed phase of the upper flow regime in a meandering river environment (Krzyszkowski 1991a , Zieliński 2014 . Lithofacies St correspond to megaripples migrating along the riverbed. Lithofacies Sh indicate deposition of material under conditions of the plane-bed phase of the upper flow regime and during washing out of megaripples.
Lithofacies Fl (SFr(c)) prove the deposition of sand material on the underwater part of a point bar (Miall 1978) . The low inclination angle of laminae and small ripple marks Sr(c) are the result of currents transporting the material up the slope of the point bar in a sand-bed meandering river, while muds and sandy muds of lithofacies Fm indicate calm sedimentation due to the free fall of grains on the point bar slope (Krzyszkowski 1996 , Zieliński 2014 . Based on the lithofacies characteristics, we can infer about a cyclic record of the formation of meandering point bars, their washing out under supercritical flow conditions, and their aggradation by fine-grained material during flow waning.
Macroremains were found mainly in the sediments of lithofacies St and Fl (Sr) that characterize more energetically stable depositional conditions within the river channel. They are hardly observed in the horizontally stratified sands of Sh, deposited under the upper flow regime or at the transition from the lower to the upper regime. It may prove that the macroremains have not been significantly redeposited. This view is supported by their common occurrence and a large accumulation of tree trunks and branches of various sizes, which were observed during documentation work. Large macrofossils, over 1m in size, could not be brought by a river flowing under supercritical flow conditions (Miall 1978) . Therefore, likely, macrofossils analyzed here were directly formed and deposited as "parautochthonous" and they could be compared to those from the nearby located well-documented Bełchatów outcrop (Pyszyński 1991 , Pyszyński & Krzyszkowski 2011 .
In terms of their lithostratigraphic position, the studied sands show a similarity to the Czyżów Complex sediments, found in the nearby Beł-chatów outcrop and deposited during the Mazovian (Holsteinian?) Interglacial. Their position in the geological succession was also similar. The difference is that the only set of units described from the Czyżów Complex in the Szczerców outcrop was the C. This may result from the greater reduction of sediments due to exogenous processes in this part of the Kleszczów Graben. It seems that ice lobes of the Scandinavian ice sheet, advancing from the west, exerted a greater destructive force .
4. The sand sediments from the Szczerców outcrop which host the plant macrofossils show a high degree of similarity to the sediments representing the set of units C of the Czyżów Formation in the Bełchatów outcrop. However, it cannot be currently ascertained whether they originated in the same river. 
